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(Paper No. 1652.) 

“ The Chile Vein Gold Works, South America.” 
By GEORGE ATTWOOD, F.G.S., Assoc. M. Inst. C.E. 

THE ‘L Chile  Vein ” gold mine  referred to  in  the  present  Paper 
belongs to  the  Potosi  Mining Company, and  is  situated  in  the 
State of Guayana  in Venezuela, in  latitude 7’ 11’ N., and  longitude 
61’ 58‘ W. The  outcrop  is at  an elevation of 1,044 feet above 
tide-level. The  Chile  Vein  is  a  true fissure vein found in  the 
diabase rocks (a greenstone), and  averages  in  thickness  a  little 
more than 4 feet. The  gangue  is  nearly  pure quartz,  and the  gold 
in it is, in  a  native  state, more or less mixed with  sulphides of 
iron, copper, lead, &c. The  outcrop of the vein was  first  found, 
and  this  has been  followed down to  about 250 feet below the 
surface. The  yield of gold from the  upper portions of the  vein 
was  about 1 oz. to  the  ton of 2,000 lbs., whilst  the lower workings 
have  yielded  between 5 and G ozs. per  ton. In  sinking  a  shaft 
alluvial soil is found t o  a  depth of 10 to 12 feet. This is succeeded 
by  the “ bed rock,” called by  the  natives “ cascajo,” and  is  about 
150 feet in thickness ; and  then  by  the  country rock, a  hard  and 
tough “ diabase.” The alluvial as  well  as bed rock are  weathered 
and altered diabase. 

The chief opening  to  the  mine is a  shaft  12 feet  by 7 feet, 
divided  into  two  compartments,  and carefully  timbered. One 
compartment is used exclusively for hoisting, the  other  contains 
the pump  and  ladder-way.  The  shaft  was  carried down vertically 
until  the vein  had  been  penetrated  and  the L‘ foot-wall ” found, 
when the  vein was followed at  its angle of about 55’. The vein 
is mined much easier than  the diabase, so the  vertical  shaft was 
abandoned after  the  vein was cut. The  winding  and  pumping 
plant is driven  by  a  high-pressure horizontal  engine,  having a 
cylinder 15 inches in diameter,  supplied  with  steam  by  a Lanca- 
shire  tubular boiler of 50 HP. AI1 machinery used in  the  district 
must be constructed on the most simple plan, and of the best 
material, owing  first,  to the great lack of skilled labour, and 
secondly, to the  great cost of freight from the Orinoco river to  the 
mine. A not  unusual  charge for carrying  machinery, &C., from 
the Orinoco to  the mine is 6d. per lb. This is due to  the 
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inferior  character of the roads. The mine is drained by a Cornish 
plunger  pump of 8 inches bore. The ore and waste are hoisted 
up  to  the  adit level, 80 feet below the surface, and  are  then  tipped 
into a large hopper,  from which the railway  trucks  are fed. 

Negroes  from the West  India  Islands  are employed as miners. 
They  drill single-handed, and at  the same time do a good  day’s 
work.  Sexagon  4-inch steel drills  are used, and hammer-heads of 
5 to 6 lbs. each with handles  about 1 foot in length.  The  average 
depth of the holes  bored is 26 inches. One man drills about 
46 inches  deep  daily. To throw 1 ton of ore (2,000 lbs.) 604 inches 
of drilling  are required. The charge for a 26-inch  hole is 3 to 
4 ozs. of dynamite. The men are  paid 8 1  - 08 pesos = 3s.  4d. per  lineal 
foot for  drilling:  Underground foremen charge and fire the blasts, 
and  watchmen  are employed night  and  day  to examine the ore 
after  the  blasts  have been fired ; also to select and lock up  any 
rich specimens of gold quartz  which  may  have been  exposed loy 
the explosion. 

The ore is carried from the mine to  the reduction  works on 
a short  line of railway, the  entire  length of which is 9,136 feet 
from the mine  entrance to  the  crushing mill. The  gauge is 30 
inches. The  rails used are 30 feet  long, and  weigh 30 lbs. per  yard. 
The sleepers were cut from small  trees of hard wood which  grow 
in  the vicinity ; the best  are  made from the  bullet  and “ purple 
heart” trees. The  rails  are held  together  by  small  fish-plates, 
and  they  are  kept  in position  by  being  spiked  down to sleepers 
placed  from 2 to 29  feet  apart.  From the mine  entrance to  the 
works the difference in level is 215 feet,  making an average 
gradient of 1 in  42, or 124 feet to 1 mile. Many parts of the 
line  have a gradient exceeding 1 in 20, or  over 264 feet in 
1 mile. 

The first locomotive  employed was one of Chaplin’s small 
construction  engines, with  vertical  boiler  and  cylinders,  having 
four wheels, and of 8 nominal HP. Sufficient power  could not 
be  obtained  from this,  as  the  native  hard woods, of which the 
beds and framework of the  trucks were made, are  extremely 
heavy. A new 12-HP. locomotive was  therefore  constructed, 
having  six wheels, and  carrying  an end  water-tank.  Ore trucks 
were built  to hold 5,000 lbs., but  the  usual  weight carried was 
4,500  lbs. They were  fitted with hand-brakes  made a t  the mine. 
The brakes are so constructed that  they can  be  shipped  or  un- 
shipped a t  pleasure, and  the brakeman  can  readily block the  hind 
wheels of the  truck even on the steepest part of the  line  by a 
single motion. When  the  trucks  are run into  the  adit level of 
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the mine the  brake  handle  is allowed to fall back, so that it does 
not  interfere  with  the  timbers or any obstructions  which it would 
otherwise be liable  to encounter. 

Mining timbers, machinery, boards, supplies, &C., are carried 
from the  reduction  works  to  the mine, and  the  gold ore is brought 
down by  the  line of railway.  The scarcity of water  near  the 
mine  necessitated the carriage of the ore t o  a convenient spot, 
where  water could  be obtained in sufficient quantity  to  separate 
the gold from its  matrix ; besides, the  nature of the soil was such, 
that after  heavy rain  the roads for  weeks were impassable for 
loaded wagons. The best and  largest  supply of timber is also 
found near  the  crushing mill, and a saw-mill,  using it 4-feet 
circular saw, driven by a Ransome and Sims: portable 12-HP. 
double-cylinder engine, has been  employed to  cut timbers, boards, 
railway sleepers, &c. 

F o u r  trucks,  containing  about 9 tons of ore, are  generally 
brought down at  one time, and  when close to the  mill  they  are 
emptied  as  near  as possible to  the  Blake rock-crusher. This 
crusher  has  an  opening of 10 inches  by 14 inches. It is driven  by 
P shaft connected with  the  saw-mill engine. The  quartz is then 
broken up to pieces of about 2 inches  square. The  crushing mill 
has  twenty  stamp-heads of the  following  weight : Stem, 320 lbs. ; 
tappet, 70 lbs.; head, 163 Ibs.; shoe, 126 lbs.; total, 679 Ibs. 
The stamps  are  driven at  the  rate of sixty blows per  minute, 
and revolve automatically  about  fifteen  revolutions  per  minute. 
About 14 HP. is required  to  work  each  stamp.  The  battery box 
(Plate 10, Figs. 1 and 2) or mortar is made in one casting, of 
the best homogeneous iron. A good mortar  weighs 3,800 lbs. 
Below the  line of discharge, copper plates & inch in diameter  are 
bolted  to  the  front  and back of the  mortar. An iron sieve 1 foot 
in  depth  and 4 feet in  length  is placed in  front,  and  is  kept  in 
position by  being  firmly wedged with wooden keys  into  a grooved 
part of the casting. TWO copper plates,  which are placed in a 
recess in  the  mortar,  are used to collect all  the gold that can  be 
saved in  the  battery boxes by such means. 

The sieves or screens are  either  constructed of the best iron 
wire, 1,600 holes to the  square inch, or of punched  steel  plates 
with similar sized  holes. The batteries  are  supplied with  water 
from a pipe 3 inches  in  diameter,  under  a head of 20 feet. For 
each  mortar of five stamp-heads, four  $-inch  water-pipes  are em- 
ployed to  enable  the  amalgamator  to  distribute  the  water-supply 
evenly over the stamp-heads. 

Ore  containing  much  ferruginous  clay  requires  a  greater  amouut 
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of water for crushing than ore composed  of nearly  pure quartz. 
One gallon, or 10 Ibs. of water  per  minute for each  stamp, is the 
average  quantity  required for stamping.  When poor gold ores 
a re  treated,  the size of the  sieving used is not  as fine as  the above- 
mentioned,  and  about 1,200 holes to  the square  inch  are sufficient. 

The crushed  ore slides over a series of copper plates, each 3% feet 
wide  by 124 feet long, placed at  an inclination of 1 in 15. 
The ore is  then allowed to run into  an inclined  trough, called 
a tye,” from  which it passes through  the  arastras  or  grinders, 
and  after  having been  ground in  the above, through a gravity 
concentrator,  and  from  thence it is conveyed down the river. 

Before  crushing gold ores, the copper plates for collecting the 
gold  must be galvanised by  giving them a thorough  coating of 
mercury. The copper plate is washed clean, scrubbed with a hard 
brush,  and  afterwards scoured with a little fine sand. A weak 
solution of nitric acid is  then used to procure a perfectly clean 
surface of  copper. The first coating of mercury is applied to  the 
plate from  a  solution of nitrate of mercury,  prepared by  the 
amalgamator in  the following  manner.  Mercury is dissolved in 
a weak  solution of nitric acid. A gentle  heat only is necessary,  or 
the solution is accomplished cold by leaving  the mercury in a 
basin covered with  nitric acid for twelve to  twenty-four hours, and 
by occasionally stirring it with a glass rod or  a wooden stick. 
Care  is  taken t o  have no free acid; the  better  plan  is  to allow the 
nitrate of mercury to crystallise,  and  afterwards t o  redissolve the 
crystals in water. The solution of nitrate of mercury is then 
poured carefully over the cleansed  surface of the copper plate, and 
-the plate  is galvanised  instantaneously,  provided the surface has, 
been  thoroughly  prepared.  Additional  metallic  mercury is now 
added, and rubbed  over the  plate  until i t  presents a mirror-like 
appearance. The  advantages of having copper plates  well  galva- 
nised  are  great;  the loss of gold is much  diminished by keeping 
them  clean and free from tallow, oil, &C., also from any substance 
which  prevents the plates  being  brought  into contact with  the 
.small particles of finely-divided  gold that  are carried  over  their 
surface  by the  water. 

The copper plates, having been thoroughly  galvanised, are key$. 
clean  when  partially covered with  metallic sulphides, or clayey 
matter,  by  rubbing  them  with a piece of cyanide of potassium, 
enclosed in a small piece of canvas or chamois leather. The copper 
plates  inside the mortars, as well as those on the  trays,  having 
been galvanised and  put  in place, the stamps are  set  working, 
and after  they  have made sixty blows, about 4 ozs.  of mercury 
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must be  added to the contents of the mortar. When  the  stamps 
have been running for an hour, the amalgamator  watches the 
appearance of the galvanised copper plates near  the point of 
discharge of the mortar.  Should the mercury on the plate  be 
fluid, and  in places run over the surface in fine globules, too much 
has been put  in  the mortar. Fresh mercury is always added every 
three  to  four hours, according to  the richness of the ore. If  the 
gold amalgam collected on the copper plate  near the  battery 
discharge feels hard  and  dry,  the ore requires more mercury. By 
this simple method of observation  a  careful  reduction officer wil€ 
obtain all  the gold in the ore that can be  extracted  by  the  battery 
and copper-plate amalgamation. By  the above  method the average 
amount of gold  obtained  inside the  battery box is about 60 per 
cent. of the  total saved. 

Gold in oxidised ores can frequently  be saved by  battery amalga- 
mation and copper plates, with “ riffles,” or “ stops ” in the  troughs, 
but  when  sulphides  are  met  with  the  returns from the above 
method  are unsatisfa,ctory, and  in some  cases a loss of 80 per cent. 
of gold is incurred. Oxidised ores associated with gold are  only 
found in gold  mines near the surface. Precautions have  therefore 
to be  taken in  , the construction of gold reduction  works,  first, 
to save the coarser  particles of free gold; secondly, to  save 
minute  particles  mechanically mixed with  pyrites, &c. After 
the  water level is reached on gold veins or reefs, sulphides 
nearly  always  predominate, and  the amalgamation becomes  more 
complicated. 

The pulverised gold sands  having passed  over the copper plates, 
now run  into a “ tye.” This is a  deep  sluice box resting a t  a 
gentle  angle, and in  which  any  heavy sands, portions of amalgam, 
or  mercury, also sulphides, are collected for further  treatment in  
the “ arastra ” or  grinder. As fast as the  tye becomes filled up, 
the  attendant shovels the contents  out,  and places the sand, &C., 
on one side ; these are  then  ground  up in the  arastra  with a  small 
addition of mercury. 

The sand which escapes the  tye falls into  an  arastra, which is- 
kept a t  work as  long  as the stamps move.  One arastra takes the 
waste sand  from ten stamps and receives and discharges con- 
tinuously.  Mercury is occasionally  added to  the  arastra,  but  as 
mercury from the copper plates, &C., often find its  way  into  it, a 
small  addition is only necessary. The residues from the batteries, 
copper plates, and  the  arastras,  are finally  centred in one sluice 
box, and  then  they pass through a gravity concentrator. The con- 
centrator employed (Plate 10, Figs. 3, 4, and 5 )  for twenty  stamps 
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consists of a  sluice box  about 18 feet in  length  and 3 feet  wide, 
having  six recesses  or  riffles  of  about 8 inches in  depth placed 
across the box. It has  a fall of 9 feet in  18 feet,  and  consequently 
retains only the heavier materials. 

The concentrator, working  without  assistance from any mecha- 
nical  power and independent of the workman's attention,  ensures 
the  amalgamator, in  a  climate  where  labour is  naturally enervated, 
against  a loss of gold, gold amalgam,  or  mercury, which might 
easily occur  from negligence or accident in  any department of the 
rcduction works. The  water is turned off about  twice  a week, the 
concentrator is cleaned out,  and  the sand, pyrites, &C., which it 
has collected, are  ground  in one of the arastras. 

The  anvils  are  taken  out of ths mortars once a week, and  all  the 
amalgam collected by washing  the  sand over the copper plates with 
a stream of water. The  plates  are  then  thoroughly scraped with 
an iron  spatula,  and the amalgam  ground in a Wedgwood ware 
mortar  with a little  weak  sulphuric acid. A strong  magnet is 
also used to take  out  particles of metallic  iron,  which  are  derived 
from the wear of the iron  mortars, shoes and dies, and  always 
become  mixed up  with  the amalgam. After the amalgam has been 
thoroughly  washed in clean water it is strained  through  a chamois 
leather  skin  which  has been previously moistened. The amalgam 
is then  distilled in a small cast-iron retort  (Plate 10, Figs. 6 and 7), 
1,000 02s. being  the usual  charge. The average  yield of gold is 
47 per  cent. from the amalgam. Copper plates, after being in use 
for 6ome time, are  impregnated  with a  certain  quantity of gold, 
which it is impossible to remove by scraping ; when  they get too 
thin or brittle for use, they should be  melted and  sent  to  market. 

&SAY of COPPER PLATES WHICH HAVE BEES USED for ANALGAMATION and 
ARE NOW wom OCT. 

The weight of the plates was l674 lbs. = 2,680 ozs., of the value of 1s. 8fd. per 
oz., as the plates contained 2.05 per cent. of gold, making the total value of 
the plates = X231 15s. 

ASSAY of COPPER Bms from &fII,L SCRAPINGS. 

Bar No. - 
1 

02s. 
34.5  153.0 

S. a. i. 1. cl. 
12 11: 

2 
22 7 91 

35 *5 133.0 11 34 20 0 102 
3  34.4  149.5 12 72 21 15 0 
4 36.6  137.5 11 8 21 7 0 
5  20'1 1iO'O 14 5 14 0 9 
6 36.2 161.0 13 8 24  12 8 
7 33'8 186.0 15 94 26 13 9 

Weight. Value per Oz. Total Value. 
Fine. - - 

ozs. 231-1 
-- 

X151 8 10 
_.- 

- -- 
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kiSA1-S YADE TO TEST THE LOSS O F  GOLD AT THE POTOSI GOLD MILL 
Six  hundred  and  twenty-eight  tons of gold  ore from the Chile 

mine  were  crushed and  treated from January to the middle of 
April 1878, which yielded at  the  rate of 3 . 7  02s. melted golcl 
per ton. The ore, after being  stamped  and  amalgamated, was 
carefully washed through ‘‘ tyes,” the richest  portions of the 
sulphurets, &C., saved in  the same, and  then  the  entire residue 
was allowed to collect in  the  empty bed  of the  then  dry  river. 
Assay of the “ headings,” or  the richest  portions of the t,ailings 
collected in  the ‘‘ tyes,”  contained  sulphurets 96 per cent., gangue 
,4 per cent.  6 *g31 grammes of these  sulphurets,  after  being care- 
fully  crushed still finer than  the stamps powder it,  and  then 
washed, gave 0.252 gramme of gold amalgam. 

f 2 9  l, copper and 

,t , silver . . . 0.0090 = 3.57 
, >, ,, gold . . . 0.0985 = 39.05 

Per Cent. 
The above quantity of amalgam contained mercury . . 0.1400 = 55.55 

} OLO045 = 1.79 
trace of iron 

-- - 
Total . . 0.2520 = 99‘99 - -  

The 6.931 grammes of sulphurets in the  state of amalgam, 
gave 0.0985  gramme of gold = 47-13  ozs. per ton of the value of 
5200 IS. lld. By assay, after  all amalgam and visible gold had 
been extracted  by  washing, the 6.931 grammes  gave 0.0010 
gramme of gold = 0.48 oz. per  ton of the value of S2 Os. Okd. 

MILL ASSAYS. 

The  tailings or residues collected in the river from the 628 tons 
worked  were then  carefully sampled,  and  three samples of about 
.5 tons each were taken and reduced to a smaller quantity for 
assay :- 

SAXPLE No. l (nearest the mill). 

SO 02s. assayed contained 
,, , 

l1 ,, ,, 
, 73 99 

,> 1, 3, 

magnetic iron “ small.” 
black sand or specdar iron (from river). 
gangue, nearly pure silica or quartz 

gold 0‘0018 gramme = 12.032  grains in 1 ton oE 
manganese (traces). 

value of gold $3 2s. Ofd. per ton. 
water 8.3 per cent. 
sulphurets  0.05 per cent. 

2,000 Ibs. 
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SAMPLE No. 2 (middle portion of the tailings). 

magnetic iron " small." 
black sand ,) 
manganese (traces). 
water and silica nearly 100 per cent. 
water 7 per cent. 
pyrites 0'05 per cent. 
gold 0.00005 gramme = 0.3313 grain in 1 ton. 
value of gold EO Os. Oqd. per ton. 

SAXPLE No. 3 (last portion of tailings). 

magnetic iron " small." 
black sand. 
manganese (traces). 
water and silica nearly 100 per cent. 
water 8-20 per cent. 
pyrites 0.05 per  cent. 
gold 0.0006 gramme = 4.010 grains in 1 ton. 
value of gold SO Os. 8d. per ton. 

The above assays  show  the  tailings  to be  of no value ; also that 
the  crushing  mill does very good work,  saving  nearly  all  the gold. 

In this  Paper  the  Author has omitted  many  small  technical 
details  relating  to  the  railway,  the  pumping and winding 
engine, &C., which are of ordinary  construction  and  present no 
new  features of interest.  He  has confined himself to  the  general 
method adopted in working  the gold mine, and  has also given 
details of many  important  matters connected with gold extraction, 
which  are  not  generally known. 

The communication is accompanied by  several  drawings,  from 
which  Plate 10 has been prepared. 
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V E R T I C A L  SECTION. 
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